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克氏综合征与 Y 染色体微缺失发病情况。 
研究方法:分别针对 Y 染色体上 ZFY、AZFa、AZFb、AZFc 四个区域内的
目标序列设计四对检测引物与对应的四条检测探针。四条探针分别采用 FAM、
HEX、ROX 和 CY5 荧光基团标记，通过实时 PCR 反应，建立可在单一个反应
管内同时对克氏综合征与 Y 染色体微缺失进行双重验证的四重 PCR 反应体系。
应用多重实时荧光 PCR 技术，对 1624 例就诊我院的非梗阻性无精少精症患者，
进行克氏综合征以及 AZFa，AZFb，AZFc 区共六个序列标记位点(STS)的微缺失
分析，结果与对照方法进行比较。 
研究结果: 成功建立检测克氏综合征与 Y 染色体微缺失的四重 PCR 反应体
系。同时它们均具有高诊断率及良好的灵敏度和特异性。在克氏综合征(47，XXY)
和正常男性(46，XY)的模板 DNA 在 2ng 到 100ng 之间时，NRP 值是无重叠的。
因此，检测 47，XXY 的四重试验法，对基因组 DNA 模板量应用范围较宽，其
检测最低量为 2 ng。此外，我们发现 25ng 的 DNA 是检测克氏综合征的最佳模
板量。以多重实时荧光 PCR 技术检测克氏综合征的患病率为 3.33％; Y 染色体微
缺失的患病率为 5.23％。在 AZF 缺失的各类型比较中，以 AZFc 区微缺失占的
比例最高为 61.18%，其次为 AZFb+c 区微缺失占的比例为 22.35%。 






































































Objective: To develop a new technique based on real-time fluorescence PCR 
(Real-time PCR) platform, it is possible in a reaction tube while quickly and 
accurately detect Klinefelter syndrome and Y chromosome microdeletions. Thereby 
establishing a low-cost, easy, high throughput method for main genetic factors of 
non-obstructive azoospermia and oligospermia test. Provide effective guidance tool 
for scientific treatment and prognosis of male infertility. To evaluate clinical 
application of multiplex real-time PCR technique in Klinefelter syndrome and Y 
chromosome microdeletions. And to explore the incidence of Klinefelter syndrome 
and  Y chromosome microdeletions in Xiamen. 
Methods: To design four pairs of detection primer and compound four detection 
probes for the four target sequence of regions ZFY, AZFa, AZFb, AZFc of Y 
chromosome respectively.Four probes were labeled with FAM, HEX, ROX and CY5 
fluorophore, and establish a double verificated quadruple PCR reaction system, which 
can detect Klinefelter syndrome and Y chromosome microdeletions simultaneously in 
a single reaction tube.Used multiplex real-time PCR technology to analyze Klinefelter 
syndrome and six tagged sequence sit microdeletion of AZFa, AZFb, AZFc of 1624 
cases of non-obstructive azoospermia and oligospermi patients in our hospital, then  
results were compared with the control method. 
Results: We successfully established the quadruple PCR reaction system for 
diagnose Klinefelter syndrome and Y chromosome microdeletions. They have a high 
diagnosis rate and good sensitivity and specificity. There is no overlap of NRP values 
between the 47,XXY and 46,XY samples when 2–100 ng of DNA was used as 
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the wide template amount range studied and the detection limit was 2 ng of genomic 
DNA. In addition, 25 ng of DNA was found to be the optimal template amount for 
detection of 47,XXY .Used multiplex real-time PCR technology to detect Klinefelter 
syndrome prevalence was 3.33%; Y chromosome microdeletions prevalence was 
5.23%. Comparison type of AZF deletions, the proportion of AZFc microdeletion 
region accounted for the highest was 61.18%, the proportion AZFb + c region 
microdeletions accounted for 22.35% followed. 
Conclusions: The detect method of Klinefelter syndrome and Y chromosome 
microdeletions,which combined with quadruple PCR, has features of fast, accurate 
and low-cost.It can avoid products contamination by agarose gel electrophoresis 
analysis of PCR. While compared with existing molecular methods, such as 
chromosomal microarray analysis (CMA), next-generation sequencing (NGS), 
fluorescence quantitative PCR (QF-PCR ), etc., it not only can reduce procedure time, 
but also reduce cost significantly, has high reliability. It makes Klinefelter syndrome, 
and Y chromosome microdeletions molecular detection more cost-effective. 
Multiplex real-time PCR technology for Klinefelter syndrome, and Y chromosome 
microdeletions detection technology was fast, accurate and high-throughput.It provide 
a good platform for detecting genetic factors of non-obstructive azoospermia and 
oligospermia in the future. 
Keywords:Non-obstructive azoospermia;Oligospermia;Quadruple real-time PCR; 

































































排出体外，称为梗阻性无精子症或少精子症（Obstructive Azoospermia or 
Oligospermia）。第二类是睾丸生精功能障碍导致无精少精，称为非梗阻性无精


































性不育的首要遗传因素。Bojesen 等报道约 10%~ 12%的非梗阻性无精症是由克
氏综合征引起[14]。而这一比例在中国似乎更高，有研究报道香港地区的患病率为
11.2%
[15]，大陆南方地区的报道为 16.5%[16]，大陆北方地区的报道为 14.1%[17]。 
除了克氏综合征，Y 染色体微缺失是导致非梗阻性无精少精症的第二个最常
见的遗传因素。1976 年 Tiepolp 和 Zuffardi 发现 Y 染色体异常与男性不育有关，
近十年开始，人类才慢慢了解 Y 染色体调控精子发生的区域和基因，逐渐明白
决定男性生育力中，X 染色体和 Y 染色体是同等的重要。目前，Y 染色体微缺
失已成为男性不育的一个重要检测项目[18-20]。Y 染色体微缺失（Y-chromosomal 
microdeletion）是由于染色体上重复片段的同源重组而造成的发生在 Y 染色体男
性特有区域（Male-specific region of the Y chromosome， MSY）上的小片段缺失。
我们发现三类序列在 MSY 上:X-倒置(具有 99%的相同 X 染色体)，X-变性(单拷
贝基因或假基因 X 连锁的同系物基因)和扩增。MSY 含有 156 个转录单位，其中

































导指出，在 AZFa+b 和 AZFb+c 缺失或部分缺失，表现为少精症；但发现 AZFabc
完全缺失，表现为无精症。 
我国 Y 染色体微缺失的发生率与克氏综合征相当。据香港地区报道 6.4%[15]






1.2 克氏综合征与 Y 染色体微缺失检测的意义 
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